In order to exploit Methylobacterium oryzae CBMB20 as of plant growth promoting agent, different inoculation methods have been evaluated. The present study aimed to evaluate soil, foliar, and soil+foliar inoculations of M. oryzae CBMB20 to improve the growth, fruit yield, and nutrient uptake of red pepper (Capsicum annuum L.) under greenhouse conditions. The population range of green fluorescent protein (gfp)-tagged M. oryzae CBMB20 using the three inoculation methods was 2.5-2.9 log 10 cfu/g in the rhizosphere and 4.5-6.0 log 10 cfu/g in the phyllosphere of red pepper plants. Confocal laser scanning microscopy results confirmed the colonization of M. oryzae CBMB20 endophytically on leaf surface. Plant height, fruit dry weight, and total biomass were significantly higher (p≤0.05) in all M. oryzae CBMB20 inoculation methods as compared to noninoculated control. Furthermore, uptake of mineral nutrients such as N, P, K, Ca, and Mg in red pepper plants in all M. oryzae CBMB20 inoculation methods was higher than in non-inoculated control. Comparative results of inoculation methods clearly demonstrated that soil+foliar inoculation of M. oryzae CBMB20 lead to the highest biomass accumulation and nutrient uptake which may be due to its efficient colonization in the red pepper rhizosphere and phyllosphere.
Extensive use of chemical fertilizers in farming assures high yield but causes various environmental problems. Because of this, there has been a recent resurgence of interest in environmentally friendly sustainable and organic agricultural practices [Esitken et al., 2006] . The relationship between these microorganisms and plants is symbiotic, wherein both partners benefit from each other. So far considerable number of bacterial species, mostly associated with the plant rhizosphere, have been tested and found to be beneficial to plant growth, yield, and crop quality [Pýrlak and Kose, 2009] . These groups of bacteria are known as plant growth promoting rhizobacteria (PGPR) and include strains from genera Azospirillium, Azotobacter, Bacillus, Burkholderia, Erwinia, Methylobacterium, Pseudomonas, Rhizobium, and Serratia etc. Among them the members of the genus Methylobacterium are versatile in nature and ubiquitous on plant surfaces, potentially dominating the phyllosphere population. Their association with plants extends from freeliving to epiphytic, endophytic and symbiotic and their presence has been detected by cultivation-independent methods [Sy et al., 2001; Jackson et al., 2006] .
The association between PGPR and plants benefits plant growth through one or more mechanisms that includes production of phytohormones like indoleacetic acid or cytokinins and vitamins, synthesis of enzymes such as urease or 1-aminocyclopropane-1-carboxylate deaminase (ACCD) that modulates plant growth, production of siderophores and enhance uptake of nutrients [Babalola, 2010] . The beneficial effect of application of PGPR on plant growth is determined by the efficiency of colonization of the bacteria. Several studies have reported rhizosphere and intercellular colonization of plant tissues by Methylobacterium species [Madhaiyan et al., 2007b; Poonguzhali et al., 2008] .
Colonization of the plant root system is the very first step in nearly all interactions between plants and soil borne microbes and it is essential to establish the application methods so that introduced microbe can achieve successful colonization with host plant [Chauhan and Nautiyal, 2010] [2006] reported that floral and foliar applications of Pseudomonas and Bacillus species to sweet cherry significantly increased yield per trunk cross-sectional area, fruit weight and shoot length compared to the untreated control. Madhaiyan et al. [2005] reported that foliar application of pink-pigmented facultative methylotrophic bacteria (PPFM) increased plant height and specific leaf area of sugarcane, and resulted to a yield increase of 9.8% over the control. Nonetheless, effect of PGPR on plant growth is more directly determined by successful colonization on plant. Colonization of PGPR has been traced using green fluorescent protein (gfp) tagging to determine the area of localization by the bacteria in the plant [Esitken et al., 2006; Poonguzhali et al., 2008] . Colonization and persistence of Methylobacterium suomiense in the rhizosphere of tomato and rice was assessed using dilution plating and confocal laser scanning microscopy (CLSM) studies under gnotobiotic conditions [Poonguzhali et al., 2008] .
As colonization of PGPR to host plant plays an important role for its maximum exploitation to enhance growth, yield and nutrient uptake. Very less work has been carried out to compare the mode of PGPR application for establishing the beneficial interactions with host plant. Presented study was aimed to compare the Methylobacterium oryzae CBMB20 inoculation methods for red pepper plants.
Materials and Methods
Bacterial strain and mutant preparation. M. oryzae CBMB20 was isolated from stem tissues of rice. M. oryzae CBMB20 utilizes 1-aminocyclopropane 1-carboxylate (ACC) as nitrogen source and produces ACC deaminase [Madhaiyan et al., 2007a] . To observe survival and colonization of M. oryzae CBMB20 on red pepper plant, the strain was tagged with gfp as described earlier [Poonguzhali et al., 2008] . The strain was routinely cultured in ammonium mineral salts minimal broth or agar (AMS) with 0.5% sodium succinate and 20 mg/mL kanamycin for 4 days at 30 o C. Broth culture was grown under shaking condition at 120 rpm at 30 o C. Plant growth condition and bacterial inoculation. Plastic pots (bottom diameter 25 cm, height 30 cm, width 28 cm) were filled with 15 kg soil. Oil cake as an organic nutrient source (N:P:K ratio 4:2.1:1 with 70% organic matter) was amended to soil at 2.54 g/kg. Chemical fertilizer K 2 O was added at 42 g/kg soil, and compost prepared with saw dust 30%, cow dung 40%, pig dung 10%, chicken dung 10%, and rice bran 10% was added (14.93 g/kg soil). Chemical properties of soil have been tabulated in Table 1 . Thirty days old red pepper (Capsicum annum L. cv. Daetong) seedlings grown in a nursery were transplanted to pots.
The inoculum of M. oryzae CBMB20 (8 log 10 CFU/mL) was applied to soil, to foliage, or to both soil and foliage at the time of transplantation. Soil inoculation was done with a pipette (20 mL/plant near the root zone), foliar inoculation with a hand held pneumatic sprayer (20 mL/plant on leaves and stem) and soil+foliar inoculation (40 mL/plant) by a combination of both. Inoculation effect of gfp tagged M. oryzae CBMB20 on plant height, dry weight of fruit and total biomass was recorded 111 days after transplantation. The pots were arranged in a completely randomized design with four replications per treatment. The experiment was conducted under greenhouse conditions at Chungbuk Agricultural Research Institute.
Visualization of CBMB20 by confocal laser scanning microscopy (CLSM). Colonization of gfp tagged M. oryzae CBMB20 on leaf surface, leaf samples were randomly collected 50 days after transplantation from soil, foliar and soil+foliar treated plant. The leaves were cut into three parts (tip, blade and petiole) and fixed in glass slide under a cover slip [Poonguzhali et al., 2008] . Microscopic observations were performed using Leica TCS SP2 confocal system (Leica Microsystems Heidelberg GmbH, Manheim, Germany) equipped with excitation wavelength of 488 nm (Ar laser). Emission light was collected in a range of 510-580 nm for green fluorescence, and 620-660 nm for red fluorescence. Image acquisitions were carried out using a 63×oil immersion objective with a numerical aperture (NA) of 1.4, and processed using the standard software package with the CLSM system (version 2.5.1227a).
Nutrients uptake by red pepper plant. Nitrogen (N) concentration in plant roots and shoots was measured in a Kjeldahl Auto1030 analyzer after digestion with sulphuric acid and potassium sulphate. The concentration of phosphorus (P) was measured according to Jackson [1973] after digesting the plant samples with concentrated sulfuric acid and perchloric acid and using the ammonium metavanadate reagent. Standards were prepared with potassium dihydrogen phosphate (Sigma, St. Louis, MO). For analysis of other nutrients, the plant sample (0.5 g) was digested with perchloric acid, sulphuric acid and 
